We introduce the Yale-Potsdam Stellar Isochrones (YaPSI), a new grid of stellar evolution tracks and isochrones of solar-scaled composition. In an effort to improve the Yonsei-Yale database, special emphasis is placed on the construction of accurate low-mass models (M * < 0.6 M ⊙ ), and in particular of their mass-luminosity and mass-radius relations, both crucial in characterizing exoplanet-host stars and, in turn, their planetary systems. The YaPSI models cover the mass range 0.15 to 5.0 M ⊙ , densely enough to permit detailed interpolation in mass, and the metallicity and helium abundance ranges [Fe/H] = −1.5 to +0.3, and Y 0 = 0.25 to 0.37, specified independently of each other (i.e., no fixed ∆Y /∆Z relation is assumed). The evolutionary tracks are calculated from the pre-main sequence up to the tip of the red giant branch. The isochrones, with ages between 1 Myr and 20 Gyr, provide UBVRI colors in the Johnson-Cousins system, and JHK colors in the homogeneized Bessell & Brett system, derived from two different semi-empirical T eff -color calibrations from the literature. We also provide utility codes, such as an isochrone interpolator in age, metallicity, and helium content, and an interface of the tracks with an open-source Monte Carlo Markov-Chain tool for the analysis of individual stars. Finally, we present comparisons of the YaPSI models with the best empirical massluminosity and mass-radius relations available to date, as well as isochrone fitting of well-studied stellar clusters.
INTRODUCTION
The purpose of this paper is to present the YalePotsdam Stellar Isochrones (YaPSI) 1 , a new grid of stellar evolutionary calculations covering the low and intermediate mass regimes from the early pre-main sequence to the end of the red giant branch phase. Our grid features a dense coverage of the mass range 0.15 to 5.00 M ⊙ that permits accurate interpolation in mass. A broad range of solar-scaled initial compositions is available, with metallicity in the range [Fe/H] 0 = −1.5 to +0.3, and helium content Y 0 = 0.25 to 0.37.
As a follow-up and extension of a previous paper (Spada et al. 2013 ), a special emphasis of this work is on the construction of accurate mass-luminosity and mass-radius relations, in particular for low-mass stars (M * 0.6 M ⊙ ). The focus of the YaPSI models tries to reflect the novel or recently renewed inter- Aigrain et al. 2007) , and even of field stars (e.g., gyrochronology: Barnes 2003; Barnes et al. 2016; asteroseismology: Basu et al. 2010; Chaplin & Miglio 2013 ; direct interferometric measurement of stellar radii: Boyajian et al. 2012) , in the wake of space missions such as CoRoT and Kepler, and at the dawn of the Gaia era (Gaia Data Release 1 has just been made public: Lindegren et al. 2016) .
The theory of low-mass stars and substellar objects has a long history and presents peculiar challenges, most notably the treatment of the atmospheric boundary conditions and the equation of state (see, for example, Limber 1958; Burrows et al. 1989; Chabrier & Baraffe 1997; Allard et al. 1997; Chabrier & Baraffe 2000) . Decisive improvement in these pieces of input physics were included in the Lyon models of Baraffe et al. (1998) , which have been for a long time one of the main references for theoretical models of low and very-low-mass stars. Since then, these authors have updated their calculations (Baraffe et al. 2015) , while other groups have expanded and improved their grids towards the low-mass regime (Dartmouth: Dotter et al. 2008 ; Padova/PARSEC: Chen et al. 2014; Victoria-Regina: VandenBerg et al. 2014; MESA: Choi et al. 2016, among others) .
In this sense, the YaPSI release is intended as an update and an extension of the Yonsei-Yale isochrones (YY hereafter: Yi et al. 2001; Kim et al. 2002; Yi et al. 2003; Demarque et al. 2004 ), featuring models of lowmass stars that incorporate the latest improvements in the relevant input physics, and homogenizing the results of an early release (Spada et al. 2013 ) with the YY database 2 . Care has been taken, whenever possible, to preserve compatibility with the utility codes developed for YY.
Some of the applications for which we envisage that the YaPSI models are especially well-suited are highlighted as follows.
The mass-luminosity relation (MLR in the following) and the mass-radius relation play a fundamental role in stellar astrophysics (see, e.g., Schwarzschild 1958) . They are especially important for exoplanet-host stars: the planetary radii are determined relative to (and therefore only as accurately as) the radius of their host star (e.g., Charbonneau et al. 2000) .
The MLR provides both a stringent test of the input physics included in stellar models (Andersen 1991) , and a crucial link between the luminosity of a star and its mass (Henry 2004) . The best empirical MLR for low-mass stars available so far, the result of more than 20 years of observational work, has just been published (Benedict et al. 2016) . The YaPSI models are compared with this exquisitely precise empirical relation in Section 5.1.
The mass-radius relation has received a great deal of attention in the context of the so-called "radius inflation problem". When sufficiently accurate measurements of stellar masses and radii are simultaneously available, stars of mass 0.7 M ⊙ are found to have radii inflated by about 3-5% with respect to model predictions (e.g., Torres et al. 2010; Feiden & Chaboyer 2012a; Spada et al. 2013 , and references therein; see also Section 5.2). The explanation of this discrepancy has been intriguingly linked by many authors to some piece of missing physics in the models, such as magnetic activity (Morales et al. 2010) , magnetic fields (Feiden & Chaboyer 2012b; MacDonald & Mullan 2013) , or, indirectly, to rotation (Somers & Pinsonneault 2015; Lanzafame et al. 2016) .
The YaPSI tracks also include rotation-related stellar parameters, such as the moments of inertia or the convective turnover time scale, that are useful in studies of the angular momentum evolution in stellar interiors (see, e.g., Spada et al. 2011; Penev et al. 2012; Gallet & Bouvier 2013; Lanzafame & Spada 2015) , and in applying the stellar age-dating technique of gyrochronology (Barnes 2010; Barnes & Kim 2010) .
For detailed modeling of specific stars, we provide an interface between the YaPSI tracks and an open-source, freely available Fortran code that automatically per-2 http://www.astro.yale.edu/demarque/yyiso.html forms a best-fitting search of the observed stellar parameters using a Monte Carlo Markov-Chain approach.
Finally, the YaPSI models can be useful in the classical isochrone fitting of the color-magnitude diagrams (CMDs) of open and globular stellar clusters (see Section 5.3). Notably, the chemical compositions available in YaPSI include, in addition to a typical span of metallicities, a broader range of helium abundances than is usually considered; moreover, these two quantities are assigned independently of each other, i.e., the full range of helium abundances is available at each metallicity. This is in contrast with the more widespread choice in the literature, where helium content is constrained to remain in lockstep with metallicity through a fixed ∆Y /∆Z relation, assigned on the basis of a Galactic nucleosynthesis model (e.g., Yi et al. 2003) . The plausibility of stellar helium abundances being locally uncorrelated with metallicity has been discussed in the literature in the past in several contexts (see, e.g., Demarque & McClure 1977 , and more recently Norris 2004 and Lee et al. 2005 .
The choice of independent metallicity and helium abundance parameters provides not only additional flexibility in stellar population studies, but also the ability to explore binaries and multiple stars that may have undergone enrichment through interaction during their evolution.
Together with the YaPSI isochrones, we provide a Fortran routine for interpolation in age, metallicity, and helium content, similar to the code available for the YY isochrones.
This paper is organized as follows. The input physics included in the models is discussed in Section 2. The parameters of the grid and the stellar evolution tracks are described in Section 3. The isochrones and their newly-implemented construction procedure are presented in Section 4. In Section 5 we compare the YaPSI massluminosity and mass-radius relations with the best observations available, and we discuss the isochrone fitting of the color-magnitude diagrams of selected open and globular stellar clusters.
INPUT PHYSICS

Basic input physics and parameters
The models in the grid have been constructed using the Yale Rotational stellar Evolution Code (YREC) in its non-rotational configuration (Demarque et al. 2008) . The details of the microphysics used are as follows.
The code uses the OPAL Rosseland mean opacities in the temperature range log T ≥ 4.5 (Rogers & Iglesias 1995; Iglesias & Rogers 1996) , ramped with the "low temperature" opacities of Ferguson et al. (2005) for 4.4 ≤ log T ≤ 4.5. Conductive opacities corrections are introduced for log T ≥ 4.2 and log ρ ≥ 2 log T − 13, using an analytical fit based on the work of Hubbard & Lampe (1969) and Canuto (1970) . We adopt the Grevesse & Sauval (1998) value of the solar metallicity, (Z/X) ⊙ = 0.0230.
The treatment of convection is based on the mixing length theory (Böhm-Vitense 1958) , according to the formulation of Paczyński (1969) .
The extent of convective core overshoot is assumed to be proportional to the local pressure scale height H P at the edge of the core (as defined by the Schwarzschild cri- terion), scaled by the factor α OV . The pressure scale height, however, approaches infinity at the stellar center, and it becomes physically unrealistic as a measure of overshoot length when the convective core is very small. As a solution, our code uses the simple recipe suggested by Wuchterl & Feuchtinger (1998) , which limits the core overshoot length scale to a fraction of the geometrical distance to the stellar center. We assign α OV according to the recent work of Claret & Torres (2016) . These authors have determined the best-fitting value of the core overshoot parameter for a sample of accurately characterized stars, strategically distributed across the HR diagram to constrain its mass dependence. Although the sample spans the range −1
[Fe/H] 0, no dependence of α OV on metallicity was found. We have constructed a ramping function to fit the semi-empirical determinations of α OV by Claret & Torres (2016) ; see Figure 1 . This can be contrasted with the approach in Paper IV of YY (Demarque et al. 2004) , in which an estimate to the value of α OV is taken to match the observed CMDs of stellar clusters. Other such approximations have been introduced by Pietrinferni et al. (2004) ; Bressan et al. (2012) ; Mowlavi et al. (2012) . For another approach to core overshoot, based on a diffusive treatment, see Heger et al. (2000) ; Moravveji et al. (2015) .
The standard choices of the Equation of State (EOS) and of the surface boundary conditions in YREC are the OPAL 2005 EOS (Rogers & Nayfonov 2002) and the classical Eddington gray T -τ relationship, respectively. In order to meet the specific input physics requirements of low-mass models (Allard et al. 1997; Chabrier & Baraffe 2000; Sills et al. 2000) , for tracks of mass M * < 0.6 M ⊙ , the SCVH EOS (Saumon et al. 1995) is ramped with the OPAL 2005 EOS in regions where 5000 K ≤ T ≤ 6000 K. Moreover, for the same mass range, surface boundary conditions providing the photospheric pressure in tabular form, derived from PHOENIX atmospheric models (Hauschildt et al. 1999) , are used in place of the gray Eddington T -τ relation. These tables are based on the "BT-Settl" batch of PHOENIX model atmospheres (Allard et al. 2011) 3 . Both helium and heavy elements diffusion are implemented in our models, based on Loeb's formulation (Bahcall & Loeb 1990; Thoul et al. 1994) . No extra mixing to limit the effect of diffusion is included (as required to match the observed surface abundances of population II stars: e.g., Richard et al. 2002 ; see also Gruyters et al. 2013 ). Mass loss is not taken into account.
The nuclear energy generation rates are those recommended by Adelberger et al. (2011) . As noted by Maxted et al. (2015) , the most significant difference with the rates of Bahcall & Pinsonneault (1992) , adopted in the YY calculations, is for the reaction 14 N (p, γ) 15 O, which has been revised by a factor of ≈ 2.
Mass-dependent input physics
The EOS and the surface boundary conditions depend on the stellar mass as follows:
• "Low-mass configuration", OPAL+SCVH EOS, PHOENIX-derived surface boundary conditions: for tracks in the mass range 0.15 ≤ M/M ⊙ ≤ 1.10;
• "Standard configuration", OPAL EOS, Eddington gray surface boundary conditions: for tracks in the range 0.60 ≤ M/M ⊙ ≤ 5.00.
The two subsets overlap between 0.6 M ⊙ and 1.1 M ⊙ , to allow for intercomparison of the results. At given mass and chemical composition, the evolutionary track is most affected by the different EOS and atmospheric boundary conditions choices during the pre-main sequence contraction and the red giant phase. A smooth transition between the two subsets occurs at ≈ 0.9 M ⊙ (this threshold is moderately dependent on chemical composition; see Appendix A for more details). It should be noted that, when using surface boundary conditions derived from detailed model atmospheres, such as the PHOENIX Bt-Settl ones, the atmospheric pressure must be attached to the interior model at a suitable location. Commonly adopted choices include the layer where T = T eff , or a deeper location, specified in terms of optical depth (e.g., τ = 100). Although the two strategies yield results in good agreement with each other for masses larger than ≈ 0.2 M ⊙ , below this threshold the latter alternative results in systematically lower T eff at a given mass, and should be preferred on theoretical grounds (e.g., Chabrier & Baraffe 2000) . This effect is illustrated in Figure 2 , where we compare the low-mass end of our 5 Gyr, solar composition isochrone with its counterpart from other isochrone sets available in the literature. In our calculation, we have adopted the T = T eff matching point (see also Sills et al. 2000; Spada et al. 2013 ). In the Figure, this effect is clearly visible in the portion of the isochrone corresponding to masses below 0.2 M ⊙ . At a given mass, the effect on the luminosity is much smaller in comparison with that on the effective temperature (which is ≈ 80 K at 0.15 M ⊙ ). The initial chemical compositions available in the grid are listed in Table 1 . Note that, due to the effect of the diffusion of metals, [Fe/H] is not constant during the evolution, the change being most pronounced for the late evolutionary stages of the long-lived low-mass stars and at metal-poor compositions.
EVOLUTIONARY TRACKS
All the tracks were constructed using a solar-calibrated value of the mixing length parameter, α MLT . We performed a standard solar model calibration (e.g., The tracks cover the evolution through the pre-main sequence and the main sequence, and the post-main sequence up to helium flash or central helium burning ignition (depending on the mass). Note that, at the lowest masses, the tracks extend well beyond the current age of the Universe of ≈ 13.7 Gyr (for a discussion of this interesting regime in connection with the theory of red giant evolution, see Laughlin et al. 1997) . The evolutionary calculations start from initial models with homogeneous composition (with Grevesse & Sauval 1998 solar mixture) and polytropic structure. They are similar to the initial models used in the YY project (Yi et al. 2001) and in the early YaPSI release (Spada et al. 2013) . Some evolutionary tracks for the chemical composition closest to solar (X 0 = 0.7038, Z 0 = 0.0162), implementing lowmass and standard input physics, are shown in Figure  3 . Maxted et al. (2015) , that implements a best-fitting search of the observed parameters of a star using a Monte Carlo Markov-Chain approach. This code calculates the posterior probability distribution for mass, age, and initial metallicity of a star from its observed mean density, effective temperature, luminosity, and surface metallicity, given a set of theoretical evolutionary tracks. Element diffusion is taken into account in the optimization process.
We provide YaPSI input files ready to be ingested into BAGEMASS, only requiring trivial modifications in the first lines of the code to be used. To keep our input files as close as possible to the originals, we have adopted the same procedure used by Maxted et al. (2015) : the interpolation of the YaPSI tracks has been performed using the bi-and tri-cubic spline algorithms implemented in the PSPLINE package 6 , and the resulting interpolated grids have been bundled together as .fits format files using the FITSIO library (Pence 1998 ; see also Maxted et al. 2015 for details).
ISOCHRONES
We have constructed a set of isochrones between 1 Myr and 20 Gyr for each of the initial compositions listed in Table 1 . Note that the choice of ages coincides with that of the YY isochrones, in order to facilitate comparisons and ensure retro-compatibility of user-generated codes.
To construct the isochrones, the low-mass configuration tracks were used up to M * < 0.6 M ⊙ and the standard configuration tracks for M * > 1.1 M ⊙ , while in the overlap region, the switch from low-mass to standard tracks was performed at a composition-dependent mass (usually between 0.7 and 0.9 M ⊙ , see the discussion in Appendix A). In this way, we ensure the smoothest transition possible without recourse to post-processing of the tracks (for an alternative approach, see Choi et al. 2016 ). The YaPSI isochrones for X 0 = 0.7038, Z 0 = 0.0162 are plotted in Figure 4 .
Isochrone construction procedure
The procedure for isochrone construction used in this work has been coded from scratch in order to be specifically tailored to the YaPSI evolutionary tracks. It is based on the method discussed by Prather (1976) . Only a brief description is given here; for more details on the subject of isochrone construction, see also the recent review by Dotter (2016) and references therein.
The most obvious procedure to construct an isochrone is to simply interpolate a set of tracks to the desired age. Although this approach may be viable up to the midmain sequence, it will provide a poor representation of the fast-paced evolutionary phases, such as the late main sequence and beyond (see the discussion in Dotter 2016).
A much more reliable method is based on re-mapping each track as a function of uniformly spaced "Equivalent Evolutionary Points" (EEPs) before interpolation. This is accomplished by, firstly, locating on each track a number of primary EEPs. As suggested by Prather (1976) , useful primary EEPs can be defined as the evolutionary stages at which a certain fixed value of, e.g., central hydrogen content, X c (on the main sequence), or helium core mass, M c (during the post-main sequence), is first attained. Each portion of the track between two primary EEPs is then further subdivided into secondary EEPs.
The secondary EEPs are uniformly distributed with respect to an intrinsic arc length coordinate s defined on the track. In view of the evolution of a star in the theoretical HR diagram, Prather (1976) proposed the following definition of ∆s between two adjacent EEPs: Once the uniformly EEP-spaced tracks have been constructed, we proceed as follows:
1. For a given EEP, locate the pair of tracks in the set whose ages τ 1 and τ 2 at that EEP bound the desired isochrone age τ iso ;
2. Interpolate (e.g., linearly) in mass between the two tracks:
where m 1 and m 2 are the masses of the two tracks, found in the previous step, for which τ 1 < τ iso < τ 2 ;
3. Find the effective temperature and the luminosity corresponding to τ iso from the two tracks:
4. Loop over all the EEPs and all the desired isochrone ages.
4.2. Semi-empirical T eff -color transformations Along with the theoretical parameters log L/L ⊙ , log T eff , log g, observational quantities such as magnitudes and colors are provided for each isochrone. To perform the transformation to magnitudes and colors, we have used two different prescriptions, both semiempirical, from the literature: that of Lejeune et al. (1997 Lejeune et al. ( , 1998 , which was also used in the YY isochrones, and the more recent one of Worthey & Lee (2011) . Both color transformations are provided in tabular form, from which the colors corresponding to the desired values of [Fe/H], T eff , and log g can be obtained by interpolation. We have used the "BaSeL 2.2 SED-corrected" version of the Lejeune et al. (1997 Lejeune et al. ( , 1998 tables, available from The 80 Myr isochrone is a reasonable approximation of the ZAMS across the mass range of YaPSI; the position of the Sun is marked for reference. In sufficiently old isochrones (i.e., age 1 Gyr) the "luminosity bump" (Thomas 1967 ) is visible on the red giant branch at log L/L ⊙ ≈ 1.5. To enhance the clarity of the plot, only a subset of the isochrones that reach the tip of the red giant branch is shown. The variation of [Fe/H] due to metal diffusion is taken into account in the color transformations. This is, in general, a small effect, but can be non-negligible for the long-lived low-mass models and/or at low metallicity.
YaPSI isochrones are available with color calibrations performed according to both the Lejeune et al. (1997 Lejeune et al. ( , 1998 and the Worthey & Lee (2011) recipes (see, for example, Figure 5) . In both cases, we provide the absolute V magnitude, M V , the U BV RI colors in the Johnson-Cousins system, and the JHK colors in the homogeneized Bessell & Brett (1988) system. Sample comparisons between the two T eff -color calibrations available in YaPSI can be found in Section 5.3.
COMPARISON WITH OBSERVATIONS
In this Section we compare the YaPSI models with selected observations. In the first two subsections we discuss the mass-luminosity and mass-radius relations, respectively.
The theoretical mass-luminosity relations derived from 1 Gyr YaPSI isochrones are compared with the sample of nearby red dwarf astrometric binaries studied by Benedict et al. (2016) .
The mass-radius relation is best constrained by doublelined eclipsing binaries, for which both the radius and the mass of each component can be derived with an accuracy of a few percent or better (Torres et al. 2010; Southworth 2015) ; at this level of accuracy, the "inflation" of observed stellar radii compared to the model predictions becomes apparent.
We conclude this Section with the isochrone fitting of some well-studied stellar clusters. Benedict et al. (2016) have recently published empirical MLRs for low-mass stars (0.08-0.62 M ⊙ ) of exquisite precision. Their V -band and K-band MLRs are based on a sample of 47 nearby red dwarf stars, whose dynamical masses are determined with an accuracy of 4 percent or better (primarily using astrometric data from the Fine Guidance Sensors of the Hubble Space Telescope; see their paper for details on the orbit reconstruction process).
The mass-luminosity relation of M dwarf stars
The availability of such empirical MLRs is a major milestone in the physics of low-mass stars for their accuracy, and general applicability (as well as a remarkable technical achievement, for the difficulty of the task and the long-term commitment required to complete it). Such relations are of crucial importance for observers, to convert observed luminosities into masses, as well as for theorists, to test the numerous assumptions that enter stellar models (Andersen 1991) .
We compare the YaPSI theoretical mass-M V and mass-M K relations with the empirical relations of Benedict et al. (2016) Lejeune et al. (1997 Lejeune et al. ( , 1998 Figure; solar metallicity YY isochrones are also shown for comparison. Any isochrone between 1 and 10 Gyr results in theoretical MLRs essentially equivalent to the ones shown. This is a consequence of the very slow-paced evolution of stars in this mass range.
The metallicity dependence of the K-band MLR is much weaker than that of the V-band MLR, especially for M * 0.4 M ⊙ . As discussed in detail by Baraffe et al. (1998) , this is the result of two competing effects (the TiO and VO oxygen molecules formation at low T eff , and the metallicity dependence of T eff ) compensating and reinforcing each other in the K-and V-band, respectively.
The agreement of the YaPSI isochrones is clearly better than that of the YY ones below approximately 0.6 M ⊙ . This is exactly as expected, since the improved input physics of the "low-mass configuration" is especially important for stars in this mass range (see, e.g., Allard et al. 1997; Chabrier & Baraffe 2000) . The YY and the solar YaPSI relations are very similar above ≈ 0.6 M ⊙ .
The YaPSI mass-M K relation at solar composition is in excellent agreement with the empirical one. For stars more massive than about 0.25 M ⊙ , the scatter of the data points is also comparable with the gap between the table 14 ). The theoretical mass-M V relation is slightly overluminous in comparison with the data. The size of the spread between the metal-poor and the metal-rich isochrones is comparable to the observed scatter. In the mass range covered by the YaPSI models, the slope of the MLRs is not significantly affected by the details of the implementation of the atmospheric boundary conditions (cf. Figure 2 and the discussion at the end of Section 2).
The mass-radius relation
The most stringent test of the theoretical mass-radius relation is provided by double-lined eclipsing binaries (DEBs), for which both the mass and the radius can be derived simultaneously with an accuracy of a few percent. A long-standing issue in the theory of low-mass stellar objects (M * 0.75 M ⊙ ) is the discrepancy between observed and modeled radii and surface temperatures (e.g., Hoxie 1973; Lacy 1977; López-Morales 2007; Torres et al. 2010) . Theoretical stellar radii are typically underestimated by 3-5% and effective temperatures are overestimated by 5-10% with respect to the observations (e.g., Torres et al. 2010; Feiden & Chaboyer 2012a; Spada et al. 2013) . This is illustrated in Figure 7 , where the residuals calculated from a YaPSI solar metallicity, 1 Gyr isochrone are shown for the stars in the DEBCAT sample (Southworth 2015) . Only low-mass stars (M * 0.75 M ⊙ ), whose evolution from the ZAMS within a Hubble time is very modest, are shown, thus making the comparison with a single isochrone meaningful. The sample contains, with few exceptions, only stars whose parameters are known with 3% accuracy, or better (see Benedict et al. (2016) . The data points are plotted as red dots (note that the error bars are mostly within the size of the dots). A very good agreement is found for the mass-M K relations, while the predicted mass-M V relations are slightly overluminous with respect to the data. Figure, there is a clear excess of stars with observed radii larger than the theoretical prediction (i.e., an excess of positive residuals). This illustrates the radius inflation problem.
Southworth 2015). In the
As a further test of the mass-radius relation, as well as to demonstrate the use of the BAGEMASS tool in combination with the YaPSI input files, we have run the Monte Carlo Markov-Chain (MCMC) best-fit search on the two samples of DEBs and planet-host stars listed in tables 2 and 3, respectively, of Maxted et al. (2015) . Since initial metallicity and helium content are independent variables in the YaPSI tracks, this also offers the opportunity to assess the impact of Y 0 on the predicted mass and age. In the runs discussed here, a "burn-in" phase of 5000 steps and an overall MCMC chain length of 500 000 steps were used.
For the DEBs, the results obtained with the YaPSI input files are in good agreement with those of Maxted et al. (2015) : we confirm the tendency to underpredict the mass (i.e., M MCMC − M obs < 0) in short orbital period systems and at M * 1.1 M ⊙ . It should be noted that underpredicting the mass means that theoretical radii are overestimated in comparison with the observed ones, i.e., the opposite of the radius inflation typically seen in low-mass stars; these two phenomena are probably unrelated.
For the planet-host stars, Table 5 .2 lists the best-fitting age, mass, and initial metallicity, τ b , M b , and [Fe/H] i,b , the chi-square of the fit, χ 2 , the age and mass averaged over the whole MCMC chain, τ , M , and the central hydrogen abundance in mass, X c , which is a proxy of the evolutionary status of the best-fitting model (i.e., main sequence vs. post-main sequence). Considering the helium enrichment relation used by Maxted et al. (2015) , Y = 0.2485 + 0.984 Z, the range of observed surface metallicities for the stars in Table 5 The results reported in Table 5 .2 for Y 0 = 0.28 are in good agreement with table 4 of Maxted et al. (2015) . In general, higher values of Y 0 lead to lower best-fit masses and older ages. For HAT-P-13, the most metal-rich star in the sample, the results obtained with a higher helium abundance, Y 0 = 0.31, are a more appropriate term of comparison with Maxted et al. (2015) ; in particular, we confirm that the best-fit model for this star has X c ≈ 0, i.e., it is close to the end of the main sequence.
The best-fitting solution found for Qatar 2 is too old to be realistic, indicating that there may be something peculiar about this star.
For HD 209458 and HD 189733, the MCMC search was also performed using the input data from the indepen- Maxted et al. 2015) . dent analysis by Boyajian et al. (2015) . For HD 209458, the best-fitting masses and initial metallicities found with the two data sets are almost identical, while the best-fitting ages are systematically older when the Boyajian et al. (2015) data are used. For HD 189733, on the other hand, the best-fit models are more metal-rich, significantly less massive, and have ages close or older than the current age of the Universe. It should be noted that Boyajian et al. (2015) were unable to reconcile the predictions of conventional stellar models with the observational parameters of HD 189733.
5.3. Isochrone fitting of stellar clusters Traditionally, isochrone fitting provides one of the most direct methods to test stellar evolution models, as well as to derive ages of Galactic clusters (e.g., Sandage 1962b; Demarque & Larson 1964) . In this Section we demonstrate the capabilities of the YaPSI isochrones and the accompanying isochrone interpolation tool, by comparing them with a selection of high-quality observations of Galactic clusters. The emphasis of this Section is therefore on testing the isochrones and the color transformations, as well as highlighting significant discrepancies which may provide fruitful avenues for further investigation and future improvement, rather than on the derivation of the best-fitting parameters of the clusters. In the following comparisons, unless otherwise specified, the YaPSI isochrones implementing the Worthey & Lee (2011) color-T eff calibration are used.
Pleiades
The Pleiades (M45) is often considered the quintessential population I zero-age main sequence cluster. For this cluster we adopt the following parameters: distance modulus (m − M ) V = 5.62 (133 pc; Soderblom et al. 2005 Soderblom et al. , 2009 Melis et al. 2014) , reddening E(B − V ) = 0.04, E(V − I) = 0.05 (Stauffer et al. 2007) , solar metallicity (Soderblom et al. 2009 ), age = 120 Myr (see Dahm 2015 , and references therein). CMDs for the Pleaides constructed with data from Stauffer et al. (2007) and Kamai et al. (2014) are shown in Figure 8 . In the two panels of the Figure, solar metallicity isochrones at 120 Myr are shown, generated from the YaPSI sets with the Lejeune et al. (1997 Lejeune et al. ( , 1998 and the Worthey & Lee (2011) color transformation, respectively.
In the V vs. B − V plot, the overall agreement between the isochrones and the data is satisfactory. Both isochrones display a moderate mismatch with the empirical single-stars main sequence for B − V between 0.9 and 1.3. The Worthey & Lee (2011) color calibration is more successful at reproducing the very-low-mass end of the sequence (B − V > 1.4).
In the V vs. V − I CMD, both isochrones are bluer than the lower main sequence stars for V − I 1.5. This discrepancy between the models and the observations for the K and M stars in the Pleiades has been known for a long time and was noted by, e.g., Stauffer et al. (2007) ; Kamai et al. (2014); Choi et al. (2016) ; see also Baraffe et al. (1998 Baraffe et al. ( , 2015 for a theoretical discussion of the issue.
M67
M67 is a population I, mid-main sequence open cluster, slightly younger than the Sun (age ≈ 4 Gyr: Demarque et al. 1992; VandenBerg & Stetson 2004; Sarajedini et al. 2009 and references therein). An age of 4.2 Gyr has also been derived independently using gyrochronology by Barnes et al. 2016 .
The CMD in Figure 9 is based on the photometric data from Montgomery et al. (1993); Sandquist (2004) ; Yadav et al. (2008) , and the single members selection from radial velocity measurements by Geller et al. (2015) . We adopt the distance modulus (m−M ) V = 9.74 (Sarajedini et al. 2004) , and ignore deviations from solar metallicity; in both panels, the reddening has been slightly adjusted with respect to the value of E(B −V ) = Lejeune et al. (1997 Lejeune et al. ( , 1998 Lejeune et al. (1997 Lejeune et al. ( , 1998 color calibration.
0.04, recommended by Taylor (2007) , in order to fit the main sequence ridge. The 4.0 Gyr isochrones with Worthey & Lee (2011) colors are also able to reproduce the shape of the main sequence turn-off and the red giant branch (left panel). The good fit obtained for the turn-off is encouraging, since its shape is very sensitive to the convective core size, and thus to the core overshoot treatment. The isochrones with the Lejeune et al. (1997 Lejeune et al. ( , 1998 colors, on the other hand, are in reasonable agreement with the turn-off, but display a systematic blueward shift of the location of the red giant branch.
NGC 6791
Originally classified as a globular cluster, NGC 6791 is now considered an old, metal-rich open cluster (Kinman 1965) , providing information on the old bulge population of the Milky Way. In Figure 10 we plot the photometric data of Brogaard et al. (2012) , who also performed a correction for differential reddening on the data of Stetson et al. (2003) according to the method described by Milone et al. (2012) . From the study of an eclipsing binary member of this cluster, Grundahl et al. (2008) have estimated a distance modulus of (m−M ) V = 13.46 ± 0.10, and an age between approximately 8 and 9 Gyr, depending on the set of isochrones used in the comparison; this is also consistent with the more recent results of Choi et al. (2016) .
In Figure 10 we plot YaPSI isochrones with [Fe/H] 0 = +0.30 (see also Boesgaard et al. 2015) ; Y 0 = 0.30; age = 8.0, 8.5, and 9.0 Gyr. We adopt E(B − V ) = 0.12, (m − M ) V = 13.46. Although the overall fit is good, the slope of the main sequence is not reproduced uniformly well.
Palomar 12
The majority of the globular clusters in the Galactic halo are very metal poor, and have non-negligible α-element enhancement. As a consequence, they are outside the scope of applicability of the present YaPSI models. Here we focus on the younger, relatively more metalrich cluster Palomar 12. The composition of Palomar 12 is believed to be close to solar-scaled (i.e., [α/Fe] ≈ 0, see Brown et al. 1997) , thus allowing a meaningful test of the present YaPSI isochrones. The CMD in Figure 11 was constructed using data from Stetson et al. (1989) , and assuming E(B − V ) = 0.02, (m − M ) V = 16.5, [Fe/H]= −0.8 (Brown et al. 1997 ; see also Geisler et al. 2007) . With this choice of the parameters, our bestfit is obtained for an 8 Gyr isochrone. This age is younger than the 9-9.5 Gyr derived by Dotter et al. (2010); VandenBerg et al. (2013) . The YaPSI grid is designed to provide a denser mass coverage than usually available, for the precise representation of the mass-luminosity and mass-radius relations, which is critical in the characterization of exoplanet-host stars. The YaPSI evolutionary tracks contain basic data, such as moments of inertia, radius at the interface between the radiative interior and the outer convection zone, and the convective turnover timescale, useful in studies of the rotational evolution of late-type stars. For the analysis of individual stars, we provide an interface between the YaPSI tracks and an open-source Fortran code that performs a Monte Carlo Markov-Chain bestfit search of the observed stellar parameters. The YaPSI isochrones can also be applied to the classical isochrone fitting of the CMDs of open and globular clusters.
This work is a follow-up and an extension of an initial release, described in Spada et al. (2013) . One of the goals of both releases is to provide improved models in the low-mass range (M ≤ 0.6 M ⊙ ), to complement the widely used Yonsei-Yale isochrones (Yi et al. 2001; Kim et al. 2002; Yi et al. 2003; Demarque et al. 2004) . For example, the models discussed here are in satisfactory agreement with the recently derived M dwarf empirical mass-luminosity relations of Benedict et al. (2016) (see Figure 6) .
The main improvements with respect to the previous paper (Spada et al. 2013 ) are as follows:
1. A broader range of helium content is considered; no fixed relation between helium content and metallicity content, ∆Y /∆Z, is assumed.
2. The tracks are evolved from the early pre-main sequence, through the main sequence and post-main sequence up to the tip of the red giant branch.
3. Convective core overshoot is taken into account, implementing the mass dependence of the parameter α OV derived from the semi-empirical study of Claret & Torres (2016) .
4. An interface is provided between our tracks and the Bayesian stellar parameters fitting tool BAGEMASS (Maxted et al. 2015) .
5. The isochrone construction method has been improved; an isochrone interpolation tool in age, metallicity, and helium content is provided.
6. The conversion from theoretical to observational parameters (i.e., T eff -log g to magnitudes and colors) implemented in the isochrones is performed using both the Lejeune et al. (1997 Lejeune et al. ( , 1998 ) and the Worthey & Lee (2011) semi-empirical calibrations. Interpolation between isochrones makes use of the EEPs and of the arc length ∆s concepts discussed in the previous section.
Interpolation in [Fe/H] uses a cubic polynomial; Y 0 interpolation is quadratic; age interpolation is linear. Note that the YaPSI isochrone interpolation code uses [Fe/H], instead of Z, as the interpolation variable; this choice is preferable from the numerical point of view.
The YaPSI interpolation code is closely patterned after the analogous YY interpolation tool, which has been extensively tested since its release. Nevertheless, to assess the accuracy of the interpolation, we have tested the code in some selected cases, by comparing its output with custom-generated isochrones, created specifically for this purpose. The custom isochrones were constructed at 2.0, 5.0, and 12.0 Gyr, from two additional sets of tracks with composition parameter [Fe/H]= −0.30, Y 0 = 0.29, and [Fe/H]= +0.18, Y 0 = 0.35, respectively, covering the mass range 0.60-2.20 M ⊙ , which were processed using the standard YaPSI isochrone construction code. Isochrones generated for the same parameters using the interpolation tool are compared with the custom-made ones in Figure 14 . The agreement is, in general, quite good. We note, however, that the largest differences between the interpolated and custom-made isochrones are found in the shape of the main sequence turn-off. This should be taken into account for applications requiring very high accuracy. 
